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A polyp is defined as any mass protruding into the lumen of a hollow viscus. Colorectal polyps may be classified by their 
macroscopic appearance as sessile (flat, arising directly from the mucosal layer) or pedunculated (extending from the 
mucosa through a fibrovascular stalk). Colorectal polyps may also be histologically classified as neoplastic or as non-neo- 
plastic (hyperplastic, hamartomatous, or inflammatory). The neoplastic polyps are of primary importance because they 
harbor a malignant potential, which represents a stage in the development of colorectal cancer. For this reason, it is 
essential to identify these polyps at a sufficiently early stage, when a simple outpatient procedure to remove them can 
interrupt the development of colorectal cancer and prevent disease and death. When invasive carcinoma arises in a polyp, 
careful consideration must be given to ensuring the adequacy of treatment. Although most neoplastic polyps do not evolve 
into cancer, it is well accepted that the majority of colorectal carcinomas evolve from adenomatous polyps; the sequence of 
events leading to this transformation is referred to as the adenoma-to-carcinoma sequence. 

The presence of a systemic process that promotes the development of multiple gastro-intestinal polyps is termed 'polyp- 
osis'. Hereditary gastro-intestinal polyposis syndromes account for approximately 1% of all cases of colorectal cancer and 
are associated with a broad spectrum of extra-colonic tumors. Early detection and accurate classification of these 
syndromes are essential, in order to initiate a surveillance program for the early detection of cancer. Several polyposis 
syndromes have been described, each having its own genetic basis and characteristic polyp distribution, clinical presenta- 
tion, and malignancy risk. 

Diagnostic modalities and treatment options for neoplastic polyps — as well as the most prevalent polyposis syndromes — are 
reviewed below. 
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COLORECTAL POLYPS 

'Polyp' is a term derived from the Greek word polypous, 
which means 'morbid lump.' Generally, this term describes 
any mass protruding into the lumen of a hollow vessel, 
anywhere in the gastro-intestinal, genito-urinary or respi- 
ratory tracts. Usually, polyps arise from the mucosal layer of 
these organs, although some submucosal pathologies may 
cause mucosal protrusion into the lumen and resemble mu- 
cosal polyps. Not all polyps necessarily exhibit neoplastic 
behavior. 



Colorectal polyps may be histologically classified as neo- 
plastic, hyperplastic, hamartomatous, or inflammatory. The 
neoplastic polyps are of primary importance because they 
harbor a malignant potential, which represents a stage in 
the development of colorectal cancer. For this reason, it is 
essential to identify these polyps at a sufficiently early 
stage, when a simple office procedure to remove them 
can stop the development of colorectal cancer and prevent 
disease and death. 

Colorectal polyps may be classified by their colonoscopic 
appearance as sessile (flat, arising directly from the mucosal 
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layer) or pedunculated (extending from the mucosa 
through a fibrovascular stalk) (Figure 1). 

NEOPLASTIC COLORECTAL POLYPS 

Neoplastic (adenomatous) colorectal polyps are benign 
tumors that originate from the mucus-secreting colonic 
epithelial cells. Adenomatous polyps are common, espe- 
cially in western countries, occurring, in the United States, 
in 20-40% of screening colonoscopies in people older than 
50 years of age. One recent series reported that adenoma 
rates depend on age and gender [1]. In people younger 
than 50 years of age, 12% of women and 24% of men 
were found to have an adenoma on a screening colonos- 
copy. In women and men older than 80 years, the rates 
increased to 27% and 40%, respectively [1]. A recent pop- 
ulation-based study found that at least one polyp was de- 
tected in 34.3% of asymptomatic patients undergoing a 
screening colonoscopy [2]. In autopsy series, the prevalence 
is even higher and increases with age. One-third to one-half 
of patients found to have a colonic adenoma have a syn- 
chronous colonic lesion [3]. The factors contributing to the 
development of colonic adenomas are multiple and uncer- 
tain; however, it is well accepted that both genetic suscep- 
tibility and environmental factors play a role in this process. 
Smoking was shown to be a risk factor for the development 
of colonic polyps [4]; others include obesity, high intake of 
red meat and low intake of fiber and calcium [5, 6]. 
Conversely, the use of non-steroidal anti-inflammatory 
medications (NSAIDs) and of statins, has been shown to 
have a protective effect [5, 7]. Anatomically, adenomas 
may be found anywhere throughout the colon. Large ade- 
nomas — which are more prone to develop into carcino- 
mas — are found in a distribution similar to that of 
carcinomas, with left colonic predominance. Clinically, 
most polyps are not symptomatic and are found on 
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Figure 1. Colonoscopic view of sessile (1a) and pedunculated 



screening colonoscopies. Larger polyps may bleed or par- 
tially obstruct the colonic lumen; therefore, hematochezia 
(visible or occult) or obstructive symptoms such as abdom- 
inal pain, swelling, or change in bowel habits may prompt 
investigation. Secretory diarrhea and hypokalemia 
(McKittrick-Wheelock syndrome) may be rare clinical pre- 
sentations of a villous adenoma. 

Adenomatous polyps are sub-classified by their histolog- 
ical appearance as tubular, villous, or tubule-villous adeno- 
mas. A tubular adenoma has the histological appearance of 
branched tubular glands (Figure 2). This is the most 
common histological subtype, constituting approximately 
65-80% of all polyps removed. Tubular adenomas are 
most often pedunculated and generally harbor less atypia 
than villous adenomas do, although the degree of atypia is 
variable. Villous adenomas have long, finger-like projec- 
tions on microscopy (Figure 3). Only 5-10% of neoplastic 
polyps are villous adenomas. Compared with tubular ade- 
nomas, villous adenomas are more commonly sessile and 
are more likely to have severe atypia or dysplasia. Tubulo- 
villous adenomas have elements of both of the cellular 
patterns that were previously discussed. Approximately 
10-25% of polyps are tubulo-villous. The incidence of inva- 
sive carcinoma in a polyp is classically considered to depend 
on its size and histological type. The respective risks of car- 
cinoma are less than 5% in a tubular adenoma smaller than 
1cm and may reach 50% in a large (>2cm) villous ade- 
noma. Tubulo-villous adenomas are at intermediate risk 
(22%). One recent study, however, did not identify size 
and histological sub-type as risk factors for development 
of cancer in polyps [8]. By definition, all types of adenomas 
exhibit some degree of dysplasia, meaning abnormal glan- 
dular architecture and damaged intracellular structures. 
The degree of dysplasia is diverse and, as it becomes 
more severe (high grade), the risk of malignancy increases. 
In fact, the term 'high-grade dysplasia' is synonymous with 
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b) polyps. 
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carcinoma in situ. The degree of dysplasia usually correlates 
with villous histology and polyp size. 

Adenoma-to-carcinoma sequence 

Although most neoplastic polyps do not evolve to cancer, it 
is well accepted that the majority of colorectal carcinomas 
evolve from adenomatous polyps; the sequence of events 
leading to this transformation is referred to as the ade- 
noma-to-carcinoma sequence. 

The formation of a neoplastic process requires multiple 
cumulative genetic alterations that can be divided into 
three categories: 

(i) Mutations in proto-oncogenes that induce their trans- 
formation into active oncogenes (these are genes 
that play a role in intracellular signal transduction 



and their activation causes abnormal transmission of 
growth regulatory signals). 

(ii) Mutations or deletions that reduce the activity of 
tumor suppressor genes. 

(iii) Mutations that cause damage to genes involved in 
DNA repair. 

These three mechanisms contribute to uncontrolled cell 
proliferation, autonomous growth and, hence, tumor for- 
mation [9]. It is assumed that the neoplastic process starts 
along with the intracellular expression of the first genetic 
mutations and, as the genetic damage continues to accu- 
mulate, the neoplastic process becomes more advanced. 
A critical point in this process occurs when the neoplastic 
cells gain the ability to penetrate the basement membrane 
and to metastasize. This point defines the transformation 
of an adenoma to a carcinoma [10]. 
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Several genes have been recognized as playing a role in 
the development of colorectal cancer via the adenoma-to- 
carcinoma sequence. These genes include the tumor sup- 
pressor genes APC, DCC, and p53; the proto-oncogenes K- 
RAS and MYC; and the DNA mismatch repair genes MLH1, 
MSH2, and MSH6. Each of these genes is believed to have a 
specific stage of tumor formation in which its de-activation 
(tumor suppressor gene) or activation (proto-oncogene) is 
critical. For example, the protein product of the p53 gene 
has a role in preventing damaged cells from going through 
the mitotic cycle and its loss is believed to mediate the con- 
version of an adenoma to a carcinoma [11]. It is worth men- 
tioning that the loss of activity of a tumor suppressor gene 
requires mutation or deletion of both alleles [12]. A dem- 
onstration of this principle can be found in some inherited 
syndromes, where an inherited (germline) mutation in one 
tumor suppressor gene allele causes the individual to be 
susceptible to tumor formation; then a second (somatic) 
mutation is caused by environmental factors and induces 
damage to the other allele. Tumor formation is initiated 
at that time. Such individuals have the tendency to develop 
tumors at an early age [13]. An example of these inherited 
syndromes is familial adenomatous polyposis (FAP), in 
which a mutation in one of the APC tumor suppressor 
gene alleles causes susceptibility to colorectal cancer. This 
syndrome, along with other inherited polyposis syndromes, 
is discussed in further detail below. 

The discussion on the adenoma to carcinoma adenoma- 
to-carcinoma sequence would not be complete without 
mentioning epigenetic alterations (including DNA methyl- 
ation) and micro-environmental influences, but these are 
beyond the scope of this review. The exact pace at which 
an adenoma transforms into an invasive tumor is not 
known. It is estimated that in most cases it takes 5-10 
years for a visible polyp to become a carcinoma. 

CARCINOMA IN POLYPS 

As described earlier, adenomatous polyps should be consid- 
ered to be precursors of cancer. The risk of a polyp harbor- 
ing cancer is related to several factors. One of these — which 
is obvious upon its identification during colonoscopy — is its 
size. A recent study has shown that the risk of a polyp no 
larger than 5 mm harboring high-grade neoplasia is less 
than 1%, and the risk of its harboring cancer is negligible 
[14]. However, polyps larger than 5 mm in size were shown 
to have a 3% chance of harboring cancer and the chance 
increases with increasing polyp size. When invasive carci- 
noma arises in a polyp, careful consideration must be 
given to ensure the adequacy of treatment. Carcinoma con- 
fined to the muscularis mucosae does not metastasize, and 
complete excision of this type of polyp is adequate treat- 
ment. Nevertheless, penetration through the muscularis 
mucosae indicates that the tumor has gained the ability 



to metastasize; thus the adequacy of simple polypectomy 
is in question. Haggitt and colleagues have proposed a clas- 
sification system for polyps containing cancer, that has 
become accepted for determining whether such a polyp 
requires a wider excision [15]. According to this system, all 
of the following criteria must be met in order for a com- 
plete polypectomy to be considered as an adequate 
treatment: 

— The polyp must be pedunculated 

— The tumor does not extend beyond the head or neck 
of the polyp (Haggitt's levels 1 and 2, respectively) 

— The distance between the tumor edge and the margin 
of the specimen exceeds 2 mm 

— The histology is favorable (not poorly differentiated 
and no lymphatic or vascular invasion) 

However, if any one of the following situations occurs 
when a cancer-containing polyp is excised, polypectomy 
alone is not considered a safe enough strategy, due to 
the 10% or greater chance of lymph node metastasis: 

— The polyp is sessile 

— A pedunculated polyp is identified with invasion of the 
tumor to any part of its stalk beneath its neck or to the 
submucosa of the bowel wall beneath the stalk 
(Haggitt's levels 3 and 4, respectively) 

— The distance between the tumor edge and the margin 
of the specimen is less than 2 mm 

— The histology is poorly differentiated 

— Lymphatic or vascular invasion is observed 

If any of these situations occurs, surgical resection of the 
affected colonic segment according to oncologic principles 
is generally recommended. Such patients are often excel- 
lent candidates for laparoscopic colectomy. 

Diagnostic modalities for the diagnosis and 
evaluation of neoplastic polyps 

As mentioned above, most colonic adenomas are asymp- 
tomatic. Due to the widespread character of this phenom- 
enon and the risk of malignancy, many countries have 
introduced screening programs for early detection of co- 
lonic adenomas. 

Fecal occult blood testing (FOBT) may indicate bleeding 
from a colonic polyp. A positive FOBT due to bleeding from 
a polyp correlates to the polyp size and proximity to the 
rectum. Most small polyps will fail to result in a positive 
FOBT, although the test has a higher sensitivity for larger 
polyps and for carcinomas. For this reason, FOBT is a part of 
the screening algorithm for the early detection of colon 
cancer, despite its poor sensitivity for polyps. 

Fecal immunochemical testing (FIT or iFOBT) is a 
newer, more sensitive screening method than the 
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traditional FOBT. It utilizes specific antibodies to the globin 
component of the hemoglobin. A recent study compared 
FIT against colonoscopy as a screening tool for both colo- 
rectal cancer and adenomas [16]. Even though FIT was 
shown to be as sensitive as colonoscopy in detection of 
cancer, advanced adenomas were detected in lower pro- 
portions using FIT, when compared with colonoscopy (0.9 
vs 1.9%; odds ratio 2.30; P< 0.001) and non-advanced ade- 
noma detection rate was even lower (0.4 vs 4.2%; odds 
ratio 9.80; P< 0.001). 

Colonoscopy is the 'gold standard' method of detecting 
intra-luminal colonic lesions. However, its sensitivity is not 
100%. Several studies have demonstrated a variable 
'missed' polyp rate. One systematic review included six 
studies covering a total of 465 patients who underwent 
two same-day colonoscopies. The 'miss' rate for polyps of 
any size was 22%, adenoma miss rate by size was 2.1 % for 
adenomas >10mm, 13% for adenomas 5-10 mm and 26% 
for adenomas 1-5 mm [17]. Other studies have shown 
similar results. Still, because most large villous polyps are 
distributed throughout the left colon, screening flexible 
sigmoidoscopy every five years, beginning at age 50, is rec- 
ommended by the World Health Organization and others 
[18]. Another screening strategy, recommended by the 
American Cancer Society, is full colonoscopy every ten 
years, beginning at age 50 [19]. 

Colonoscopic spectroscopy using near-infrared auto- 
fluorescence (NIR AF) was recently proposed as an adjunct 
for in vivo diagnosis of colonic 'pre-cancer' and cancer 
during clinical colonoscopic screening. This method was 
found to have a sensitivity and specificity of approximately 
80% and 90%, respectively, for classification of benign, pre- 
cancer lesions and cancer in the colon [20]. This method, 
although promising, is still experimental and is not rou- 
tinely used in clinical practice. 

Narrow-band imaging (NBI) is another new endoscopic 
imaging technique that highlights surface structures and 
superficial mucosal capillaries during colonoscopy. Even 
though disagreement exists regarding its effectiveness in 
increasing the colonoscopic view's sensitivity, it has recently 
been shown to have a high sensitivity and specificity for 
differentiating neoplastic and non-neoplastic polyps [21, 
22]. This modality has also not entered routine clinical 
practice. 

Computed tomographic colonography (also called 'CT 
colonography' or 'virtual colonoscopy') is another screening 
modality, which is suggested for patients who refuse colo- 
noscopy. This modality uses computed tomography of an 
air-distended prepared colon. With an optimal colon prep- 
aration and an experienced radiologist reading the images, 
some reports indicate that the sensitivity of CT 



colonography for detecting polyps larger than 5 mm 
(which are believed to be clinically significant) exceeds 
90% [23, 24]; however, other reports have noted lower sen- 
sitivity and pitfalls. Hence, the examination is mainly rec- 
ommended for patients at increased risk associated with 
sedation for colonoscopy, or with difficult anatomy that 
challenges the successful completion of a full colonoscopy. 
As indicated above, other prerequisites for the successful 
use of CT colonography are optimal colon preparation, ap- 
propriate computers and software, and an experienced ra- 
diologist to interpret the acquired images [24]. It should be 
emphasized that CT colonography does not enable poly- 
pectomy and therefore, whenever CT colonography identi- 
fies polyps, sequential colonoscopy and polypectomy are 
indicated. 

Magnetic resonance colonography (MRC) is another 
diagnostic modality that is currently being evaluated. The 
rationale for using MRC is based on the relatively high ra- 
diation exposure during CT colonography [25]. A recent 
small-scale study has demonstrated a low sensitivity (de- 
spite a high specificity) for detecting large (>10mm) 
polyps using MRC [26]. Therefore, evidence does not sup- 
port MRC as a standard diagnostic modality for detecting 
colorectal polyps and this modality is not routinely used in 
clinical practice. 

Capsule endoscopy is a diagnostic modality that was 
originally developed to diagnose and evaluate small 
bowel lesions. Since the capsule passes through the pre- 
pared colon after traversing the ileo-cecal valve and con- 
tinues to transmit images, it can also detect colonic lesions. 
A large cohort of patients (328) with suspected colonic 
lesions underwent a capsule endoscopy with dual camera 
capsule designed especially to evaluate the colon (PILLcam 
colon) and, immediately afterwards, had a colonoscopy. 
The sensitivity and specificity of the capsule endoscopy 
were shown to be inferior to colonoscopy [27]. Specifically 
the PILLcam colon was found to have sensitivities of 64% 
for the detection of polyps larger than 6 mm, 73% for the 
detection of advanced adenomas (larger than 1 cm, villous 
or containing high-grade dysplasia) and 74% for the detec- 
tion of cancer. Hence, it is not recommended as a screening 
modality for the detection of colonic polyps or cancer. 

Fecal DNA and antigen testing is another futuristic mo- 
dality expected to yield results within the next few decades 
[28]. Several technical advances have recently been seen to 
increase its accuracy, including use of a DNA preservative 
buffer with stool collection, DNA amplification methods 
and automated assays of several DNA markers [29]. A re- 
cently published multicenter, case-control study, compared 
colonoscopy with analysis of stool sample from 459 asymp- 
tomatic patients and 544 referred patients. The stool 
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was analysed with an automated multi-target stool DNA 
assay to measure j8-actin, mutant KRAS, aberrantly methyl- 
ated BMP3 and NDRG4, and fecal hemoglobin. Stool DNA 
analysis identified individuals with colorectal cancer with 
98% sensitivity and 90% specificity. Its sensitivity in respect 
of advanced adenomas was 57% and for high-grade dys- 
plasia it was 83% [30]. In the future, should this modality 
prove to have even a higher positive predictive value for 
detecting adenoma or carcinoma, it might obviate the need 
for any invasive screening tests. 

TREATMENT OF NEOPLASTIC 
COLONIC POLYPS 

The definitive treatment of an adenomatous polyp is 
removal upon detection — although some debate exists 
regarding the need for these procedures on polyps smaller 
than 10 mm that are diagnosed with a non-invasive proce- 
dure, specifically CT colonography. An accepted approach 
to this issue is to resect any small (6-9 mm) polyps and to 
report and to periodically re-assess any diminutive (5 mm or 
smaller) polyps, due to the negligible malignant potential 
in the latter case [31]. 

Endoscopic forceps polypectomy is one of the simplest 
maneuvers in the endoscopist's armamentarium. It is a 
simple and efficient method of biopsying colonic lesions 
but has been shown to have a lower rate of histological 
clearance at polyps' bases, compared with snare polypect- 
omy (75.9 vs 93.2%; P = 0.009 in a recent randomized trial) 
regardless of the polyps' sizes [32]. 

Endoscopic snare polypectomy is the preferred way to 
remove a polyp. During this procedure, a wire (the snare) is 
passed through the working channel of the endoscope to 
encircle the polyp at its base or 'stalk'. Monopolar electric 
current may be carefully applied at the wire ('hot snare') 
while pulling the polyp. This procedure is simple for ped- 
unculated polyps but can be quite challenging for sessile 
ones. A technique for making snare polypectomy feasible 
for sessile polyps is to inject saline into the submucosal layer 
beneath the polyp. The site of sessile polypectomy should 
be marked by injection of ink (tattooing) to guide follow- 
up colonoscopy and to facilitate identification of the 
involved bowel segment, should operative resection be 
necessary. The actual presence of the polyp is an indication 
for a complete colonoscopy to exclude synchronous lesions. 

Endoscopic sub-mucosal dissection (ESD) is a technique 
for resecting sessile polyps that are not amenable to snare 
polypectomy. During colonoscopy, the submucosal layer of 
the bowel wall beneath the polyp is injected with Saline- 
adrenaline and dissected from the underlying muscular 
layer. This method aims to remove the entire sessile 



polyp, along with healthy mucosal borders. This procedure 
is time-consuming and technically demanding; however, in 
skilled hands and in well-selected patient cases, it can obvi- 
ate surgery. One recent series of endoscopic polypectomies 
for giant (>30mm) pedunculated polyps showed a 100% 
success rate of en bloc resections using ESD for polyps that 
were deemed technically too difficult for a snare polypect- 
omy [33]. 

Complications of polypectomy include bleeding and 
perforation, the incidence of both being low [34, 35]. 
Bleeding may occur immediately after polypectomy or 
may be delayed. If the bleeding does not spontaneously 
cease, colonoscopy is indicated to secure hemostasis. The 
risk of perforation increases with the complexity of the 
procedure and is higher for sessile polyp excision (whether 
or not a submucosal dissection was performed). A micro- 
perforation that is evident only as extra-luminal air bubbles 
on CT, in a stable patient with no clinical signs of peritoni- 
tis, may be managed with bowel rest, antibiotics and obser- 
vation. Signs of sepsis or peritonitis are indications for 
urgent surgical exploration via laparotomy or laparoscopy, 
in order to repair the damage or to resect the perforated 
bowel segment. 

Surgery is sometimes indicated for the treatment of 
polyps. Sessile lesions cannot always be completely excised 
by colonoscopy and such cases are an indication for seg- 
mental colectomy. Another indication for surgery is in 
cases of a pedunculated polyp, containing invasive carci- 
noma that extends into the polyp stalk, as was described 
in Haggitt's criteria [15]. Nevertheless, it is important to 
note that a partial colectomy for removing a polyp that is 
not amenable to colonoscopic resection is potentially a pro- 
cedure for treating cancer. A recent large-scale study (750 
patients) actually found that the incidence of cancer in 
patients undergoing colectomy for an irretrievable polyp 
is 17.7% [8]. Multivariate analysis identified two risk factors 
for the polyps harboring cancer: polyp location at the left 
colon and the presence of high grade dysplasia. 
Surprisingly, neither polyp size nor villous histology was 
found to be a risk factor. Given these data, surgery for 
irretrievable polyps should follow oncological guidelines, 
meaning anatomical resection, including the relevant 
mesentery containing the lymphatic basin with arterial 
high ligation. For rectal sessile polyps, transanal operative 
excision — using either simple transanal excision or transa- 
nal endoscopic microsurgery (TEM) — is preferred for two 
reasons: (i) it carries a higher probability of complete exci- 
sion than does endoscopic snare excision and (ii) it produces 
an intact specimen that can be used to determine the need 
for further therapy. 
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Follow-up is needed for patients who are found to have 
colonic polyps, due to the 30-40% likelihood of the appear- 
ance of metachronous lesions within three years. 
Therefore, following polypectomy, repeat colonoscopy at 
three-year intervals is indicated. If the repeat examination 
does not reveal metachronous lesions, continued follow-up 
is advised at five-year intervals [18]. If the primary (index) 
polyp contains high-grade dysplasia or carcinoma on histol- 
ogy, the chance of an early histologically significant meta- 
chronous lesion is high. Hence, in such a case the 
recommendation is for the first follow-up at one year. 

There are no guidelines for the prevention of adenoma 
formation. Several studies have shown a slight but statisti- 
cally significant lower prevalence of colorectal adenomas 
and cancers in people who consume NSAIDs, including 
aspirin [36, 37]. Nevertheless, due to risks of NSAID toxicity, 
there is no consensus regarding their use for this indication. 
No other strategies have been proven to prevent the devel- 
opment of colonic adenomas. 

Serrated adenomas 

Up to recent years, colorectal polyps were traditionally clas- 
sified as either adenomatous or non-neoplastic. In recent 
years, accumulating evidence points at another type of 
polyp, once believed to be a subset of hypeplastic polyp, 
which now is known to bear a malignant potential. These 
were given the name 'serrated polyps' due to their histolo- 
gical appearance (of serrated papillary infoldings into the 
crypts). Serrated polyps are a heterogeneous group of 
polyps — some of which were defined in 2003 as a sub- 
group — and are called 'sessile serrated adenomas' (SSAs). 
These tend to develop at the right colon and more often 
in women than in men [38]. SSAs have a characteristic flat 
and irregular endoscopic appearance and histological find- 
ings of extension of the serrations to the crypt base and of 
dilated L or inverted T-shaped crypts. They also appear to 
be associated with the microsatellite instability characteris- 
tic of defects in DNA repair mechanisms (mainly hyper- 
methylation of the MLH1 gene), similar to DNA changes 
seen in sporadic microsatellite unstable cancers [38, 39]. 
Polyps of another subtype, called 'traditional serrated ade- 
nomas' (TSAs), tend to bear mutations at the BRAF gene 
and present a high rate of hypermethylation of multiple 
genes, a characteristic termed 'CpG island methylator phe- 
notype' (CIMP) [38-42]. These changes are also similar to 
ones seen in sporadic microsatellite unstable cancers 
[38, 39]. Large (>10mm) serrated polyps were also shown 
to be associated with synchronous advanced neoplasia [39, 
43]; hence, it has now become accepted that a faster ade- 
noma-to-carcinoma sequence exists, which is referred to as 
the 'serrated adenoma pathway'. This pathway has recently 
been postulated to be responsible for the development of 
as much as 15-30% of colon cancers [38, 39, 42]; hence, 
even though once considered to be of low malignant 



potential, any serrated adenoma larger than 5 mm should 
be excised, with the incentive to completely remove it. If a 
serrated adenoma is not amenable to complete endoscopic 
polypectomy, segmental colectomy should be performed 
[44]. The recommended surveillance for patients found to 
have a serrated adenoma is the same as for patients found 
to have adenomatous polyps, suggesting repeat colono- 
scopy at three-year intervals [18, 38, 39]. 

Dysplasia-associated lesion or mass 

Dysplasia-associated lesion or mass (DALM) refers to a find- 
ing of a raised mucosal lesion in a patient with long-stand- 
ing inflammatory bowel disease (IBD), mainly mucosal 
ulcerative colitis (MUC), in which dysplasia is found on his- 
tological examination. DALM can be indistinguishable 
macroscopically from an inflammatory pseudopolyp, aside 
from the fact that inflammatory pseudopolyps are usually 
not solitary. These lesions can resemble a 'regular' polyp or 
may be irregularly delineated, plaque-like, or irregularly 
elevated. The importance of DALMs is that they harbor a 
high risk of progression to cancer. The transition of a DALM 
to colorectal cancer is believed to be much faster than the 
classic adenoma-to-carcinoma sequence. The presence of a 
DALM is also considered to be a sign of a pre-cancerous 
condition of the entire colon, affected by the long-standing 
inflammatory condition; hence the finding of a DALM in a 
patient with MUC by itself is an indication for a total proc- 
tocolectomy, with or without reconstruction [45]. 

NON-NEOPLASTIC COLORECTAL 
POLYPS 

Hyperplastic polyps are the most common type of color- 
ectal polyps. They were once considered as a separate 
entity but they are nowadays believed to be a subgroup 
of serrated polyps that do not share the malignant poten- 
tial of the other subgroups, SSAs and TSAs [39]. These 
polyps are usually smaller than 5 mm in diameter {diminu- 
tive polyps), sessile, and most commonly found in the distal 
colon and rectum. They show histological characteristics 
of hyperplasia without dysplasia; for this reason, they 
are not considered pre-malignant. Unfortunately, hyper- 
plastic polyps cannot always be distinguished from adeno- 
matous polyps at endoscopy and they are therefore 
often removed. Hyperplastic polyps greater than 2 cm in 
diameter may pose a slight risk of dysplasia and malignant 
degeneration. 

Hamartomatous polyps also known as 'juvenile polyps', 
consist mainly of connective tissue (smooth muscle, lamina 
propria, and inflammatory infiltrates) covered by a 
hypertrophic epithelium. Macroscopically, they are pedun- 
culated, cherry-red, smooth polyps and are sometimes 
indistinguishable from pedunculated adenomatous 
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polyps. Hamartomas can appear sporadically or as part of a 
polyposis syndrome. A sporadic hamartomatous polyp is 
usually solitary and appears at an early age; 75% occur in 
children younger than ten years (hence the name 'juvenile' 
polyp). Sporadic hamartomatous polyps do not usually 
harbor any malignant potential. However, because they 
are highly vascularized, they tend to cause bleeding. 
Intussusception and obstruction may also occur. Multiple 
hamartomatous polyps appear with genetic polyposis syn- 
dromes that are reviewed in detail below. 

Inflammatory polyps (pseudopolyps) most commonly 
occur in patients with inflammatory bowel disease, mainly 
ulcerative colitis. They may also occur following an event of 
infectious or ischemic colitis. These lesions are not true 
polyps but rather accumulations of inflammatory infiltra- 
tions with distorted mucosal anatomy. These lesions are 
not pre-malignant, but they cannot be distinguished from 
adenomatous polyps based upon colonoscopic appearance. 
Therefore, the recommendation is to biopsy them. In 
general it is not necessary to resect them unless 
symptomatic. Microscopic examination of inflammatory 
pseudopolyps shows islands of normal, regenerating 
mucosa (the polyp) surrounded by areas of mucosal loss. 
Polyposis may be extensive, especially in patients with 
severe colitis, and may mimic familial adenomatous 
polyposis. 

Submucosal colorectal lesions both benign and malig- 
nant, can be mistaken for colorectal polyps. Such benign 
lesions include lipomas, isolated lymphoid nodules, pneu- 
matosis cystoides intestinalis, hemangiomas, endometriosis, 
and others. Malignant or pre-malignant lesions that can be 
mistakenly identified as polyps are carcinoid tumors, 
gastro-intestinal stromal tumors (GISTs), lymphomas, 
metastases and others. It is important to diagnose these 
lesions and, in cases when the diagnosis is in doubt and a 
colonoscopic biopsy fails to diagnose the lesion, it is possi- 
ble to continue the evaluation using computed tomogra- 
phy. In case of a rectal lesion, evaluation with endorectal 
ultrasonography (ERUS) and ERUS-guided biopsy might be 
of use. 

POLYPOSIS SYNDROMES 

The presence of a systemic process that promotes the devel- 
opment of multiple gastro-intestinal polyps is termed 'poly- 
posis'. Hereditary gastro-intestinal polyposis syndromes 
account for approximately 1% of all cases of colorectal 
cancer and are associated with a broad spectrum of extra- 
colonic tumors [46]. Early detection and accurate classifica- 
tion of these syndromes are essential in order to initiate a 
surveillance program for the early detection of cancer. 
Several polyposis syndromes have been described, and 



each has its own genetic basis and characteristic polyp dis- 
tribution, clinical presentation, and malignancy risk. The 
more prevalent of these syndromes are reviewed here. 

Familial adenomatous polyposis 

Familial adenomatous polyposis (FAP) is the prototypical 
hereditary polyposis syndrome. It is an autosomal dominant 
genetic disease, caused by a mutation in the APC gene on 
chromosome 5q. Several mutations in this gene have been 
described: the clinical presentation varies according to the 
specific mutation. Generally, the clinical presentation of 
FAP is the development of multiple adenomatous polyps 
throughout the colon and rectum (Figure 4). In addition, 
some extra-colonic and extra-intestinal manifestations may 
occur. The onset is early during childhood or adolescence 
and the number and size of polyps increase with age. In the 
severe form of FAP, the patient develops thousands of colo- 
nic adenomas by adulthood and the mean age of colorectal 
cancer development is 35 years if the patient is left 
untreated. Colorectal cancer can be prevented by identifi- 
cation of the high-risk population and by the timely imple- 
mentation of rigid screening programs [47]. 

FAP was first clinically described by Virchow in 1 863. Only 
64 years later, it was demonstrated that FAP was an her- 
editary disorder transmitted in an autosomal dominant 
fashion. Mutations in the 5q chromosome were discovered 
to be associated with FAP in 1986. Later on, in the mid- 
1990s, the APC gene was discovered to be the genetic 
basis of FAP. The APC gene is composed of 2,843 codons 
in 15 translated exons. Mutations in this gene result in the 
deactivation of its product, which regulates multiple signal- 
ing intracellular pathways by enhancing the activity of gly- 
cogen synthase kinase-3, which is essential for many cellular 
processes [48]. Most of the mutations in the APC gene 




Figure 4. Colonic mucosa carpeted with adenomatous polyps 
in a patient with familial adenomatous polyposis. 
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result in premature stop codons: thus, the gene product is 
not complete. Mutations in the first three exons result in an 
attenuated clinical syndrome due to downstream ribosomal 
re-entry site. In contrast, downstream mutations — 
especially in exon 15 — result in a virulent form of the dis- 
ease. This exon, which is the largest in the gene, is also the 
site of the majority of acquired mutations in sporadic color- 
ectal cancers (as well as in the other allele of FAP patients). 
It is likely that severity of the phenotype is influenced not 
solely by the specific APC gene mutation and that other 
factors, such as co-occurrent gene variants are also impor- 
tant for determining the severity of disease and the pre- 
sence of extra colonic manifestations. Historically, a few 
other genetic polyposis syndromes were described as differ- 
ent entities from FAP. These presented the gastro-intestinal 
features of FAP, combined with extra-intestinal manifesta- 
tions, and include mainly Gardner's syndrome (colonic 
polyps, epidermal inclusion cysts, osteomas) and Turcot's 
syndrome (colonic polyps and brain tumors). Nowadays 
they are considered to be a part of the FAP variety, result- 
ing from different germline mutations in the APC gene 
and, as described above, possibly from co-occurring muta- 
tions in other genes that have not yet been identified. 

Gastro-intestinal features of FAP 

The most common manifestation of FAP is the invariable 
presence of multiple colonic polyps (Figure 4). As mentioned 
above, the number of polyps is usually in the thousands and, 
in such patients, the natural development of colorectal 
cancer occurs at the age of approximately 35-40. In attenu- 
ated forms of the syndrome, which arise from different 
germline mutations in the APC gene, 20-100 polyps may 
be dispersed throughout the colon. The natural course of 
cancer development in these patients occurs at about the 
age of 50-60 years. Extra-colonic manifestations may include 
gastric, duodenal, and peri-ampullary polyps. Most of the 
gastric polyps represent fundic gland hyperplasia and have 
a low malignant potential. Gastric adenomas, albeit rare in 
the context of FAP, are recognized occasionally in FAP 
patients. Duodenal (mainly peri-ampullary) polyps, however, 
are adenomatous in nature and therefore should be consid- 
ered pre-malignant. Compared with the colonic polyps, 
these lesions tend to appear at a later stage of life and 
usually are not as crowded. The lifetime risk of an FAP 
patient developing peri-ampullary carcinoma is estimated 
at 5-10%. Polyps and cancer have also been found in the 
jejunum and ileum of patients with FAP, although at a much 
lower incidence. 

Extra-intestinal manifestations 

FAP patients commonly present some extra-intestinal man- 
ifestations. Approximately 75% of FAP-affected individuals 
have congenital hypertrophy of the retinal pigmented 
epithelium (CHRPE), which can be detected by 



ophthalmoscopy. This abnormality is not specific to FAP; 
however, large multiple bilateral lesions are diagnostic of 
the disease. Osteomas are benign bone tumors that usually 
present as visible and palpable prominences in the skull, 
mandible, and tibia. On radiographs, they appear as hypo- 
dense lesions. Other radiographic abnormalities in FAP 
include impacted or supernumerary teeth. 

Desmoid tumors develop in 10-15% of patients with 
FAP. These are locally invasive tumors of the retroperito- 
neum and the abdominal wall (Figure 5). After surgical 
procedures, dense fibrous tissue forms within the abdom- 
inal cavity in some patients with FAP. This fibrous tissue 
tends to aggressively invade the mesentery or retroperito- 
neal tissues and form tumors. Although these tumors 
seldom metastasize, they are often locally invasive; direct 
invasion of retroperitoneal organs, such as the great vessels 
or ureters or to the bowel wall, might result in patient 
death. If the mesentery is involved, the intestine might be 
tethered and bowel obstruction might result. Desmoid 
tumors tend to appear most often after abdominal surgery 
but they may also appear spontaneously. They are the 
second-greatest cause of death after colorectal cancer in 
FAP patients. Five-year survival of patients with abdominal 
desmoid tumors varies, depending on tumor stage, size, 
and other factors; this outcome has been reported to be 
as low as 53% [49]. Patients with FAP are also at increased 
risk of other malignancies. These include cancers of the 
liver, extra-hepatic biliary tree, adrenals, and thyroid. 
The historic Turcot's syndrome is characterized by colonic 
polyposis and brain tumors. 




Figure 5. Image from a computed tomography of a desmoid 
tumor in a patient with familial adenomatous polyposis. The 
tumor is marked by the arrows. The tumor has developed 
many years after staged total proctocolectomy with end 
ileostomy. A surgical attempt to resect the tumor was under- 
taken, without success. 



9 



Noam Shussman and Steven D. Wexner 



Diagnosis and genetic testing of FAP 

Clinical diagnosis of FAP is obvious and is confirmed by the 
appearance of multiple colorectal polyps in family members 
of affected patients who undergo screening colonoscopy, 
or by the same clinical picture in patients who were not 
known to be a relative of an FAP patient. When patients 
are clinically diagnosed with FAP, they should undergo 
germline mutation genetic diagnosis, in order to counsel 
their first-degree relatives regarding screening and treat- 
ment. Commercially available genetic tests will detect 
approximately 80% of the APC gene mutations and, if 
such a mutation is found in a diagnosed patient, it is fea- 
sible to diagnose the disease using the same test in first- 
degree relatives. The risk of mutation inheritance is 50%, as 
in any other autosomal dominant disorder. Hence, the use 
of genetic testing enables the concession of screening pro- 
grams in 50% of offspring and other first-degree relatives 
of patients with FAP. Accordingly, if the analysis of a single 
blood test demonstrates non-inheritance of a mutated APC 
gene, the individual can avoid yearly endoscopic screening 
and should require only occasional colonoscopy. 

In cases when no mutation is found in the patient known 
to have FAP, or if genetic testing was not performed, 
screening sigmoidoscopy is recommended for detecting 
FAP mutation carriers among a diagnosed patient's first- 
degree relatives. These individuals should undergo sigmoi- 
doscopy at age 10-12 years and then annually until age 35; 
after age 35, if they have not been diagnosed up to that 
point, they should undergo sigmoidoscopy at 3-year inter- 
vals. Upper gastro-intestinal endoscopy should be per- 
formed every 1-3 years, starting when colorectal polyps 
are first identified. The same screening program should 
apply to relatives of known patients with FAP who test 
positive for the APC gene mutation. 

Treatment of FAP 

The treatment of FAP is prophylactic surgery, directed at 
removal of all affected colonic and rectal mucosa. Total 
proctocolectomy with the formation of an ileal pouch and 
ileoanal anastomosis (TPC-IPAA), also known as 'restorative 
proctocolectomy', is currently the most commonly recom- 
mended operation. The same procedure is performed for 
medically refractory ulcerative colitis; however, the func- 
tional results are better for patients with FAP. The overall 
quality of life for patients with FAP undergoing TPC-IPAA is 
comparable with that of the general population [50]. 
Nevertheless, due to its pelvic maneuvers, this procedure 
involves risks of autonomic nerve injury, sexual dysfunction 
and infertility [51]. These risks can be prevented by close 
rectal wall dissection and a laparoscopic approach [52]. The 
laparoscopic approach, which gives a better cosmetic result, 
has proven to be superior to laparotomy [53]. Further 
advantages of laparoscopic TPC-IPAA are associated with 



less adhesion formation, which reduces risks of small 
bowel obstruction. The recommended timing for surgery 
is soon enough to prevent malignancy but, if possible, 
late enough for the individual to reach physical and psy- 
chological adulthood. 

An alternative surgical approach is total abdominal 
colectomy with ileo-rectal anastomosis (TAC-IRA). This 
approach is considered for patients with FAP who have a 
small rectal polyp burden. For several reasons, this opera- 
tion is technically simpler and has fewer potential compli- 
cations. Firstly, the pelvic dissection is avoided; hence, 
potential autonomic nerve injury — that could result in 
impotence in males and infertility in females — is prevented. 
Secondly, the anastomotic leakage rate is lower following 
ileo-rectal anastomosis than after pouch-anal anastomosis 
[54]. Obviously, the disadvantage of TAC-IRA is the need for 
frequent surveillance proctoscopy (every 6-12 months) with 
removal of polyps and the increased risk of rectal cancer 
following surgery, which is 4% at 5 years, 8% at 15 years, 
and 25% at 20 years [54, 55]. Sulindac and celecoxib were 
shown to produce partial regression of polyps; these are 
feasible treatment options for patients who undergo 
TAC-IRA [56, 57]. Nevertheless, these patients will always 
need surveillance proctoscopy and, potentially (33% life- 
long), completion proctectomy with end ileostomy or 
IPAA. The incidences of polyp reappearance and cancer 
development are higher when the drug is stopped. 

As discussed earlier, patients with FAP have an increased 
risk of duodenal and ampullary polyps, which require 
attention. Approximately 90% of patients with FAP will 
develop peri-ampullary polyps during their lifetime, but 
only 10-20% will develop duodenal cancer. A surveillance 
upper gastro-intestinal endoscopy should be performed 
periodically, as discussed above. Endoscopic polypectomy, 
if possible, should be performed. If endoscopic polypect- 
omy is not feasible — or, in the case of ampullary cancer, 
discovered at an early stage — transduodenal wide local 
excision or even pancreato-duodenectomy (Whipple proce- 
dure) is indicated. In contrast to lower gastro-intestinal 
malignancy, no drug has been proven effective in chemo- 
prevention of upper gastro-intestinal malignancy in 
patients with FAP. 

Abdominal desmoid tumors can be a challenging extra- 
intestinal manifestation of FAP. Small desmoid tumors con- 
fined to the abdominal wall can be successfully resected. In 
contrast, the surgical treatment of mesenteric desmoids is 
dangerous and should generally be undertaken by a skilled, 
small-bowel transplant team. In such a case, initial treat- 
ment usually consists of sulindac or tamoxifen because des- 
moid tumors might be hormonally responsive; however, 
success is rare [58]. Other treatment options are radiation 
therapy in cases of relatively superficial tumors, cytotoxic 
chemotherapy with doxorubicin and, in cases of c-Kit gene 
mutations, biologic treatment with imatinib (Gleevec). 
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MUTYH-associated polyposis syndrome 

MUTYH-associated polyposis (MAP) is an autosomal reces- 
sive polyposis syndrome that was first identified in 2002. It 
is caused by bi-allelic mutations in the MUTYH gene, which 
is a DNA glycolase responsible for base excision repair 
[59, 60]. Individuals carrying two copies of the mutation 
have a significantly increased risk of polyposis and color- 
ectal cancer. The polyps seen in MAP are typically small 
tubular or tubulo-villous adenomas or hyperplastic polyps. 
In untreated patients, the cumulative risk of colorectal 
cancer is estimated as 80% by age 70 years. In the charac- 
teristic phenotype, the patient develops tens to hundreds 
of colorectal polyps, which are detected at adulthood; this 
contrasts with the thousands of polyps that develop 
throughout childhood in patients with FAP. Hence, MAP 
is very similar phenotypically to attenuated forms of FAP. 
Upper gastro-intestinal polyps and additional extra-intest- 
inal features commonly seen in FAP may characterize MAP, 
but they are much less common. Approximately 1-2% of 
the general population carries a mutation in the MUTYH 
gene [59]. The parents of a bi-allelic carrier are obligate 
carriers of MUTYH mutations. Questions remain regarding 
the medical significance of carrying one copy of a MUTYH 
mutation and whether it may significantly increase risks of 
colorectal cancer. 

Pathogenesis of MAP is presumed to be the accumula- 
tion of acquired mutations in the APC gene, due to loss of 
MUTYH DNA base excision repair activity. Genetic testing 
for MUTYH mutation is complicated by the phenotypic 
overlap of MAP with FAP. Therefore, genetic testing is per- 
formed mainly in cases of suspected FAP when no muta- 
tions in the APC gene are found, or when a patient with the 
clinical presentation of FAP has no relevant family history. 
Once diagnosed, MAP patients should be monitored for the 
development of colorectal cancer. Patients should undergo 
full colonoscopy starting at age 25-30 years and then every 
3-5 years if no polyps are detected or more frequently if 
they are. With the patient's diagnosis, siblings should be 
genetically tested and counseled. 

Peutz-Jeghers syndrome 

Peutz-Jeghers syndrome is a familial autosomal dominant 
syndrome characterized by polyposis of the small intestine 
and, to a lesser extent, polyposis of the colon and rectum. It 
was first described by Hutchinson in 1896. In the 1940s, 
separate descriptions by Peutz and then Jeghers gave the 
disease its name. The gene responsible for the phenotypic 
appearance of Peutz-Jeghers syndrome is called STK11 and 
is located at chromosome 19p. This is a tumor suppressor 
gene that encodes a serine /threonine kinase (hence its 
name). Mono-allelic loss of this gene in Peutz-Jeghers 
syndrome was recently shown to be associated with diverse 
methylation patterns in colonic crypts and hence to 



provoke the evolution of pre-malignant lesions at an accel- 
erated pace, compared with that observed in the general 
population [61]. The polyps of Peutz-Jeghers syndrome are 
non-neoplastic hamartomas, consisting of connective tissue 
and smooth muscle, covered by hyperplastic epithelium. 
They appear throughout the gastro-intestinal tract and 
are mostly scattered in the small bowel. A common clinical 
presentation is of gastro-intestinal bleeding or intestinal 
obstruction (from intussusception) [62]. 

Peutz-Jeghers syndrome is also associated with extra- 
intestinal manifestations: characteristic skin and dark 
bluish buccal mucosal pigmentation is often found in 
patients with Peutz-Jeghers. Common places for the skin 
lesions are the lips, hands, feet, genitalia, and anus. These 
skin lesions typically appear at birth and, by puberty, they 
tend to become lighter, in contrast to regular freckles 
which appear only at childhood. Patients are also at 
increased risk for the development of various early-onset 
neoplastic diseases, including cancer of the gastro-intestinal 
tract, breast, ovary, cervix, fallopian tubes, thyroid, lung, 
gall bladder, bile ducts, pancreas, and testicles. One study 
of 419 cases of Peutz-Jeghers syndrome showed 96 cancers 
in 85 patients (11 patients had 2 different primary cancers) 
[63]. The most common cancers were colorectal (17 cases), 
breast (16 cases) and pancreatic (9 cases). Among Peutz- 
Jeghers patients, the cumulative risk of developing any 
cancer by ages 20, 30, 40, 50, 60, and 70 years was calcu- 
lated as 2%, 5%, 17%, 31%, 60%, and 85%, respectively. 

The clinical picture of gastro-intestinal hamartomatous 
polyposis and of characteristic cutaneous and mucosal pig- 
mentation provides the diagnosis of Peutz-Jeghers syn- 
drome. Endoscopic removal of a polyp and its histological 
examination can also provide the diagnosis. In cases of a 
known family member who has Peutz-Jeghers syndrome, 
genetic screening is feasible. The recommended screening 
regimen for patients who are known to have Peutz-Jeghers 
syndrome consists of colonoscopy, upper endoscopy and 
small bowel follow-through, beginning at age 20 years 
and repeated at 2-year intervals. In addition, patients 
should be screened periodically for other malignancies: 
breast (physical examination and mammography annually, 
starting at age 25 years); cervix and ovary (physical exam, 
transvaginal ultrasound, and Pap smear annually), and 
testicles (physical examinationand ultrasonography as 
needed) [62]. 

Because the entire length of the gastro-intestinal tract 
may be affected, surgery is reserved for symptoms such as 
obstruction or bleeding or for a diagnosed cancer. If sur- 
gery is performed, an attempt should be made to remove 
as many polyps as possible with the aid of intra-operative 
endoscopy and polypectomy. Any polyp larger than 1.5 cm 
should be removed if possible. Another indication for 
bowel resection in Peutz-Jeghers syndrome is for patients 
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in whom polyps develop adenomatous features. Usually, 
this is not evident until cancer is present. 

Familial juvenile polyposis 

Juvenile polyps are hamartomatous benign polyps com- 
posed of fluid and mucous-filled spaces within the lamina 
propria. As their name implies, they appear at childhood 
and may cause bleeding or intussusception. For these rea- 
sons, once recognized they should be treated by endoscopic 
removal. Familial juvenile polyposis is an autosomal domi- 
nant disorder in which patients develop hundreds of juve- 
nile polyps in the colon and rectum. Polyps may arise in all 
other parts of the gastro-intestinal tract as well. Unlike 
solitary juvenile polyps, these lesions may harbor some 
extent of adenomatous characteristics and degenerate 
into adenomas and subsequently carcinoma. The genetic 
basis of familial juvenile polyposis is not fully known. 
Mutations in the tumor suppressor gene SMAD4 on chro- 
mosome 10q are believed to cause up to 50% of cases. 
Another gene that has been reported to be involved is 
BMPR1A [64-66]. Both of these genes are involved in the 
TGFp signaling pathway [66]. The genetic mutations 
have not been identified in all cases of familial juvenile 
polyposis. The classical clinical presentation is of lower 
gastro-intestinal bleeding, which leads to colonoscopy. 
Bowel obstruction from large polyps or from intussuscep- 
tion is not rare, and passage of auto-amputated polyps may 
also occur. Protein-losing enteropathy may develop. The 
endoscopic appearance of multiple polyps and their histo- 
logical evaluation can make the diagnosis, which is consid- 
ered in any patient who has (i) at least 3-5 juvenile polyps 
of the colon or (ii) multiple juvenile polyps found through- 
out the Gl tract or (iii) any number of juvenile polyps if 
there is a family history of juvenile polyposis syndrome 
[67]. Screening should begin at age 15 years if the patient 
is asymptomatic or earlier if symptoms commence, and 
should be repeated annually if polyps are revealed, or 
every 2-3 years if no polyps are seen. Some of the patients 
with SMAD4 mutations present with another autosomal 
dominant syndrome, hereditary hemorrhagic telangiectasia 
(HHT) in which bleeding from arteriovenous malformations 
(AVMs) may occur. Hence, juvenile polyposis patients 
should also have periodic screening for the presence of 
gastro-intestinal and pulmonary AVMs [67, 68]. 

Congenital abnormalities are present in 20% of the 
patients, including malrotation, hydrocephalus, cardiac 
lesions, Meckel's diverticulum, and mesenteric lymphan- 
gioma. The risk of malignancy is mainly in the colon and 
rectum, and the lifetime risk of colorectal cancer in juvenile 
polyposis patients has been stated to be as high as 39% 
[65-66]. There is also an increased risk for other cancers, 
mainly gastric, duodenal, and pancreatic. 

As in FAP, treatment for juvenile polyps is prophylactic 
surgery, due to the observation that up to 39% of these 



patients will develop cancer. The type of surgery recom- 
mended depends upon the degree of rectal involvement. 
If the rectum is relatively spared, TAC-IRA is a feasible 
option, with subsequent close surveillance of the retained 
rectum. One recent study has shown most polyps in this 
syndrome to be located at the right colon [65], so the 
TAC-IRA option should be realistic for the majority of 
patients. If the rectum is heavily involved, TPC-IPAA is the 
more appropriate operation. In case of a large polyp 
burden in other parts of the Gl tract, other surgeries may 
be warranted, i.e. gastrectomy, small bowel resection, etc. 

Serrated polyposis syndrome 

Serrated polyposis syndrome (SPS), also known as 'hyper- 
plastic polyposis syndrome', is a newly recognized, usually 
sporadic, and rare condition for which the molecular etiol- 
ogy and pattern of inheritance (if any) remain unknown 
[39, 69]. The diagnosis of SPS is based on one of the follow- 
ing colonoscopic findings: (i) at least five histologically con- 
firmed serrated polyps proximal to the sigmoid, with at 
least two of these being greater than 1 cm; (ii) any 
number of serrated polyps proximal to the sigmoid and a 
first-degree relative with SPS or (iii) more than 20 serrated 
polyps scattered throughout the colon [1, 70]. 

Metrics regarding increased colorectal cancer risk in SPS 
vary from zero to 69%, according to various studies, 
although the data are likely to be biased [1,70]. A recent 
study has demonstrated the development of colorectal 
cancer in 35% of patients with SPS, with most cases 
detected in their primary colonoscopy [71]. Cancer was 
shown to develop in serrated polyps as small as 4 mm and 
the cumulative risk was 7% at 5 years. The presence of 
cancer was significantly associated with an increasing 
number of hyperplastic polyps and the presence of serrated 
adenomas [71]. Another recent study has demonstrated 
three different, but overlapping, clinical phenotypes 
within SPS: (i) relatively few large right-sided polyps, 
(ii) many small left-sided polyps and (iii) a combination of 
both left- and right-sided polyps. The right-sided pheno- 
type had more sessile serrated polyps and tended to 
develop into colorectal cancer in patients at a younger 
age [72]. These observations support the 'serrated ade- 
noma pathway' theory, which states that serrated adeno- 
mas are associated defects in DNA repair mechanisms and, 
hence, with a faster adenoma-to-carcinoma sequence and 
the development of colorectal cancer [39, 41, 42]. Thus, in 
order to prevent malignancy in SPS, it is advisable to detect 
and remove all polyps. If this is not feasible, surgical resec- 
tion should be considered [71]. 

PTEN hamartomatous tumor syndromes 

Cowden's syndrome is an autosomal dominant disorder 
with hamartomas of all three embryonic cell layers. 
The affected gene is PTEN on chromosome 10q. 
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Approximately 80% of patients harbor a germline muta- 
tion in this tumor suppressor gene [73]. Gastro-intestinal 
polyps — most commonly of the colon and stomach — are 
typical of the syndrome but are usually asymptomatic. 
Extra-intestinal manifestations include mucocutaneous 
lesions, thyroid adenomas and goiter, fibro-adenomas 
and fibrocystic disease of the breast, uterine leiomyomas, 
and macrocephaly. In addition to the risk of colorectal 
cancer, about which there is not much data, patients 
have a 10% risk for thyroid cancer and up to a 50% 
risk for invasive carcinoma of the breast; therefore, 
patients with Cowden's syndrome should be screened 
for the development of various cancers. Annual physical 
examinations should be performed with special 
attention to thyroid and breast. Mammography should be 
performed annually, starting at age 30 years or at an age 5 
years younger than the earliest breast cancer case in the 
family. 

Another rare type of familial syndrome due to a muta- 
tion in the PTEN gene is Bannayan-Riley-Ruvalcaba 
Syndrome, an autosomal dominant syndrome with features 
of hamartomatous colonic and ileal polyps, as well as other 
manifestations. Lhermitte-Duclos Disease is another variant 
of Cowden Syndrome, which is associated with cerebellar 
hamartomatous overgrowth [74]. These three syndromes 
are sometimes referred to as 'PTEN hamartomatous 
tumor syndromes' (PHTS) [70]. 

There are no specific guidelines regarding screening 
colonoscopy in either of the syndromes because the 
chance of malignant degeneration of colonic polyps is not 
known and is thought to be low. A recent study reports on 
10 Cowden Syndrome patients who underwent a mean of 
2.4 colonoscopies each, starting at an average age of 31.7 
years. Eight patients were found to have colonic polyps, 
mostly hyperplastic and hamartomatous, but also adeno- 
matous (three patients). One patient was diagnosed with 
rectal cancer [75]. 

Treatment of PHTS is based upon symptoms, and prophy- 
lactic colorectal surgery is not recommended. 

Hereditary mixed polyposis syndrome 

Hereditary mixed polyposis syndrome (HMPS) is a 
syndrome in which patients present with multiple colo- 
rectal polyps of different histopathological types (ade- 
nomatous, hyperplastic and hamartomatous), with an 
autosomal dominant pattern of inheritance, but not fulfill- 
ing diagnostic criteria for any of the other polyposis syn- 
dromes [76]. Data are lacking, regarding the tendency of 
HMPS patients to develop colorectal cancer, but it is 
believed to be higher than in the general population [76]. 
The gene responsible for this syndrome has not been iden- 
tified but SMAD4, BMPR1A and others have been sug- 
gested [76-78]. 



Cronkite-Canada syndrome 

Cronkite-Canada syndrome is an acquired, non-familial dis- 
order, in which patients develop gastro-intestinal polyposis 
in association with alopecia, cutaneous pigmentation, and 
onycholysis (atrophy of the fingernails and toenails). 
Diarrhea is a prominent symptom, and vomiting, malab- 
sorption and protein-losing enteropathy may occur. In 
fact, the polyposis is attributed to mucosal and submucosal 
diffuse inflammation, which is believed to be the factor 
that causes the diarrhea. On histological evaluation, the 
polyps resemble juvenile polyps. Occasionally, malignant 
degeneration of a polyp occurs, but most patients die of 
the protein-losing enteropathy despite maximal medical 
therapy. Surgery is reserved for complications of polyposis, 
such as obstruction. 

CONCLUSIONS 

Colorectal polyps are a common finding in screening colo- 
noscopies. Most of these are of no clinical significance but, 
due to their high prevalence, the minority of such polyps 
that bear a malignant potential still represents a central 
issue in preventive medicine. Early identification and 
removal of these lesions is a highly effective method of 
preventing morbidity and mortality from colorectal carci- 
noma. The diagnosis of a colorectal polyposis syndrome is 
initially suggested, based on colonoscopic findings and 
polyp histology. Because different syndromes can resemble 
each other phenotypically, molecular genetic studies are 
essential for final diagnosis, cancer risk assessment, and 
decision-making regarding a surveillance program and 
treatment. In addition, identification of the familial muta- 
tion in an affected patient is a prerequisite for future test- 
ing of asymptomatic relatives. 

Conflict of interest: none declared 

REFERENCES 

1. Diamond SJ, Enestvedt BK, Jiang Z et al. Adenoma detection rate 
increases with each decade of life after 50 years of age. 
Gastrointest Endosc 2011;74:135-40. 

2. Reinhart K, Bannert C, Dunkler D et al. Prevalence of flat lesions in 
a large screening population and their role in colonoscopy quality 
improvement. Endoscopy 2013;45:350-56. 

3. O'Brien MJ, Winawer SJ, Zauber AG et al. The national polyp study. 
Patient and polyp characteristics associated with high grade dyspla- 
sia in colorectal adenomas. Gastroenterology 1990;98:371-79. 

4. Burnett-Hartman AN, Passarelli MN, Adams SV et al. Differences in 
epidemiologic risk factors for colorectal adenomas and serrated 
polyps by lesion severity and anatomical site. Am J Epidemiol 
2013;177:625-37. 

5. Fu Z, Shrubsole MJ, Smalley WE et al. Lifestyle factors and their 
combined impact on the risk of colorectal polyps. Am J Epidemiol 
2012;176:766-76. 



13 



Noam Shussman and Steven D. Wexner 



6. Okabayashi K, Ashrafian H, Hasegawa H et al. Body mass index 
category as a risk factor for colorectal adenomas: a systematic 
review and meta-analysis. Am J Gastroenterol 2012;107:1175-85. 

7. Broughton T, Sington J and Beales IL. Statin use is associated with a 
reduced incidence of colorectal adenomatous polyps. Int J 
Colorectal D/s2013 f Apr;28(4):469-76. 

8. Bertelson NL, Kalkbrenner KA, Merchea A et al. Colectomy for en- 
doscopically unresectable polyps: how often is it cancer? D/'s Colon 
Rectum 2012;55:1111-16. 

9. Ahnen DJ. The American College of Gastroenterology Emily Couric 
Lecture - the adenoma-to-carcinoma sequence revisited: has the 
era of genetic tailoring finally arrived? Am J Gastroenterol 2011; 
106:190-98. 

10. Vogelstein B and Kinzler CW. Cancer genes and the pathways they 
control. Nat Med 2004;10:789-99. 

11. Boland CR, Sato J, Appelman HD et al. Microallelotyping defines 
the sequence and tempo of allelic losses at tumor suppressor gene 
loci during colorectal cancer progression. Nat Med 1995;1:902-9. 

12. Ivanovich JL, Read TE, Ciske DJ eta/. A practical approach to famil- 
ial and hereditary colorectal cancer. Am J Med 1999;107:68-77. 

13. Kinzler CW and Vogelstein B. Lessons from hereditary colon cancer. 
Cell 1996;87:159-70. 

14. Sakamoto T f Matsuda T, Nakajima T et al. Clinicopathological fea- 
tures of colorectal polyps: evaluation of the 'predict, resect and 
discard' strategies. Colorectal D/'s 2013;15:295-300. 

15. Haggitt RC, Glotzbach RE, Softer EE et al. Prognostic factors in colo- 
rectal carcinomas arising in adenomas: Implications for lesions re- 
moved by endoscopic polypectomy. Gastroenterology 1985;89:328-36. 

16. Quintero E, Castells A, Bujanda L et al. Colonoscopy versus fecal 
immunochemical testing in colorectal-cancer screening. N Engl J 
Med 2012;366:697-706. 

17. Van Rijn JC, Reitsma JB, Stoker J et al. Polyp miss rate determined 
by tandem colonoscopy: a systematic review. Am J Gastroenterol 
2006;101:343-50. 

18. Winawer SJ, Fletcher R, Rex D etal. Colorectal cancer screening and 
surveillance: clinical guidelines and rationale - update based on 
new evidence. Gastroenterology 2003;124:544-60. 

19. Byers T, Levin B, Rothenberger D et al. American Cancer Society 
guidelines for screening and surveillance for early detection of co- 
lorectal polyps and cancer. CA Cancer J Clin 1997;47:154-60. 

20. Shao X, Zheng W and Huang Z. In vivo diagnosis of colonic pre- 
cancer and cancer using near-infrared autofluorescence spectros- 
copy and biochemical modeling. J Biomed Opt 201 1;16:067005. 

21. Ng SC and Lau JY. Narrow-band imaging in the colon: limitations 
and potentials. J Gastroenterol Hepatol 2011;26:1589-96. 

22. McGill SK, Evangelou E, loannidis JP et al. Narrow band imaging to 
differentiate neoplastic and non-neoplastic colorectal polyps in real 
time: a meta-analysis of diagnostic operating characteristics. Gut 
2013;62:1704-13. 

23. Pickhardt PJ, Choi JR, Hwang I et al. Computed tomographic virtual 
colonoscopy to screen for colorectal neoplasia in asymptomatic 
adults. N Engl J Med 2003;349:2191-200. 

24. Summers RM. Polyp size measurement at CT colonography: what 
do we know and what do we need to know? Radiology 2010;255: 
707-20. 

25. Shin LK, Poullos P and Jeffrey RB. MR colonography and MR enter- 
ography. Gastrointest Endosc Clin N Am 2010;20:323-46. 

26. Sambrook A, McAteer D, Yule S et al. Magnetic resonance colono- 
graphy without bowel cleansing or water enema: a pilot study. Br J 
Radiol 2012;85:921-24. 



27. Van Gossum A, Munoz-Navas M, Fernandez-Urien I et al. Capsule 
endoscopy versus colonoscopy for the detection of polyps and 
cancer. N Engl J Med 2009;361:264-70. 

28. Imperiale TF, Ransohoff DF, Itzkowitz SH et al. Fecal DNA versus 
fecal occult blood for colorectal cancer screening in an average risk 
population. N Engl J Med 2004;351:2704-14. 

29. Berger BM and Ahlquist DA. Stool DNA screening for colorectal 
neoplasia: biological and technical basis for high detection rates. 
Pathology 2012;44:80-88. 

30. Lidgard GP, Domanico MJ, Bruinsma JJ et al. Clinical performance 
of an automated stool DNA assay for detection of colorectal neo- 
plasia. Clin Gastroenterol Hepatol 2013;11:1313-18. 

31. Lieberman D. Debate: small (6-9 mm) and diminutive (1-5 mm) 
polyps noted on CTC: how should they be managed? Gastrointest 
Endosc Clin N Am 2010;20:239-43. 

32. Lee CK, Shim JJ and Jang JY. Cold snare polypectomy vs. Cold for- 
ceps polypectomy using double-biopsy technique for removal of 
diminutive colorectal polyps: a prospective randomized study. Am 
J Gastroenterol 2013;108:1593-600. 

33. Choi YS, Lee JB, Lee EJ et al. Can endoscopic submucosal dissection 
technique be an alternative treatment option for a difficult giant 
(>30 mm) pedunculated colorectal polyp? Dis Colon Rectum 2013; 
56:660-66. 

34. Ko CW and Dominitz JA. Complications of colonoscopy: magnitude 
and management. Gastrointest Endosc Clin N Am 2010;20:659-71. 

35. Wexner SD, Forde KA, Sellers G et al. How well can surgeons per- 
form colonoscopy? Surg Endosc 1998;12:1410-14. 

36. Chan AT, Giovannucci EL, Schernhammer ES et al. A prospective 
study of aspirin use and the risk for colorectal adenoma. Ann 
Intern Med 2004;140:157-66. 

37. Baron JA, Cole BF, Sandler RS eta/. A randomized trial of aspirin to 
prevent colorectal adenomas. N Engl J Med 2003;348:891-99. 

38. Sugumar A and Sinicrope FA. Serrated polyps of the colon. F1000 
Med Rep 2010;2:89. 

39. Sweetser S, Smyrk TC and Sinicrope FA. Serrated colon polyps as 
precursors to colorectal cancer. Clin Gastroenterol Hepatol 201 3;1 1 : 
760-67. 

40. Jass JR, Young J and Leggett BA. Evolution of colorectal cancer: 
change of pace and change of direction. J Gastroenterol Hepatol 
2002;17:17-26. 

41. Huang CS, Farraye FA, Yang S et al. The clinical significance of 
serrated polyps. Am J Gastroenterol 2011;106:229-40. 

42. Bettington M, Walker N, Clouston A et al. The serrated pathway to 
colorectal carcinoma: current concepts and challenges. 
Histopathology 2013;62:367-86. 

43. Alvarez C, Andreu M, Castells A et al. Relationship of colonoscopy- 
detected serrated polyps with synchronous advanced neoplasia in 
average-risk individuals. Gastrointest Endosc 2013;78:333-41. 

44. Leonard DF, Dozois EJ, Smyrk TC et al. Endoscopic and 
surgical management of serrated colonic polyps. Br J Surg 2011; 
98:1685-94. 

45. Neumann H, Vieth M, Langner C et al. Cancer risk in IBD: how to 
diagnose and how to manage DALM and ALM. World J 
Gastroenterol 2011;17:3184-91. 

46. Aretz S. The differential diagnosis and surveillance of hereditary 
gastro-intestinal polyposis syndromes. Dtsch Arztebl Int 2010;107: 
163-73. 

47. Laurent S, Franchimont D, Coppens JP et al. Familial adenomatous 
polyposis: clinical presentation, detection and surveillance. >4cta 
Gastroenterol Belg 2011;74:415-20. 



14 



Colorectal polyps and polyposis syndromes 



48. Valvezan AJ, Zhang F, Diehl JA et al. Adenomatous polyposis coli 
(APC) regulates multiple signaling pathways by enhancing glyco- 
gen synthase kinase-3 (GSK-3) activity. J Biol Chem 2012;287: 
3823-32. 

49. Quintini C, Ward G, Shatnawei A et al. Mortality of intra-abdom- 
inal desmoid tumors in patients with familial adenomatous polyp- 
osis: a single center review of 154 patients. Ann Surg 2012;255: 
511-16. 

50. Wolf ND, Kadmon M, Wolf RC et al. Quality of life after restorative 
proctocolectomy and ileal pouch-anal anastomosis in patients with 
familial adenomatous polyposis: a matter of adjustment. Colorectal 
Dis 2011;13:e358-e365. 

51. Rajaratnam SG, Eglinton TW, Hider P et al. Impact of ileal pouch- 
anal anastomosis on female fertility: meta-analysis and systematic 
review. Int J Colorectal Dis 2011;26:1365-74. 

52. Leonard D, Wolthuis A, D'Hoore A et al. Different surgical strate- 
gies in the treatment of familial adenomatous polyposis: what's 
the role of the ileal pouch-anal anastomosis? Acta Gastroenterol 
Belg 2011;74:427-34. 

53. Vitellaro M, Bonfanti G, Sala P et al. Laparoscopic colectomy and 
restorative proctocolectomy for familial adenomatous polyposis. 
Surg Enclose 2011;25:1866-75. 

54. Wolthuis AM, Leonard D, Kartheuser A et al. Different surgical 
strategies in the treatment of familial adenomatous polyposis: 
what's the role of the ileo-rectal anastomosis? Acta Gastroenterol 
Belg 2011;74:435-37. 

55. Heiskanen I and Jarvinen HJ. Fate of the rectal stump after colect- 
omy and ileo-rectal anastomosis for familial adenomatous polypo- 
sis. Int J Colorectal Dis 1997;12:9-13. 

56. Steinbach G, Lynch PM, Phillips RK et al. The effect of celecoxib, a 
cyclooxygenase-2 inhibitor, in familial adenomatous polyposis. N 
Engl J Med 2000;342:1946-52. 

57. Giardiello FM, Brensinger JD, Luce MC et al. Treatment of colonic 
and rectal adenomas with sulindac in familial adenomatous polyp- 
osis. N Engl J Med 1993;328:1313-16. 

58. Soravia C, Berk T, McLeod RS et al. Desmoid disease in patients 
with familial adenomatous polyposis. Dis Colon Rectum 2000;43: 
363-69. 

59. Goodenberger M and Lindor NM. Lynch syndrome and MYH-asso- 
ciated polyposis: review and testing strategy. J Clin Gastroenterol 
2011;45:488-500. 

60. Sieber OM, Lipton L, Crabtree M et al. Multiple colorectal adeno- 
mas, classic adenomatous polyposis and germline mutations in 
MYH. N Engl J Med 2003;348:791-99. 

61. Langeveld D, Jansen M, de Boer DV et al. Aberrant intestinal stem 
cell lineage dynamics in Peutz-Jeghers syndrome and familial ade- 
nomatous polyposis consistent with protracted clonal evolution in 
the crypt. Gut 2012;61:839-46. 

62. Latchford AR and Phillips RK. Gastro-intestinal polyps and cancer in 
Peutz-Jeghers syndrome: clinical aspects. Fam Cancer 201 1 ;10: 
455-61. 



63. Hearle N, Schumacher V, Menko FH et al. Frequency and spectrum 
of cancers in the Peutz-Jeghers syndrome. Clin Cancer Res 2006;12: 
3209-15. 

64. Dahdaleh FS, Carr JC, Calva D et al. Juvenile polyposis and other 
intestinal polyposis syndromes with microdeletions of chromosome 
10q22-23. Clin Genet 2012;81:110-16. 

65. Latchford AR, Neale K, Phillips RK et al. Juvenile polyposis syn- 
drome: a study of genotype, phenotype, and long-term outcome. 
Dis Colon Rectum 2012;55:1038-43. 

66. Brosens LA, Langeveld D, van Hattem WA et al. Juvenile polyposis 
syndrome. World J Gastroenterol 2011;17:4839-44. 

67. Gammon A, Jasperson K, Kohlmann W et al. Hamartomatous pol- 
yposis syndromes. Best Pract Res Clin Gastroenterol 2009;23:219-31. 

68. Schwenter F, Faughnan ME, Gradinger AB et al. Juvenile polyposis, 
hereditary hemorrhagic telangiectasia and early onset colorectal 
cancer in patients with SMAD4 mutation. J Gastroenterol 2012; 
47:795-804. 

69. Sweet K, Willis J, Zhou XP et al. Molecular classification of patients 
with unexplained hamartomatous and hyperplastic polyposis. 
JAMA 2005;294:2465-73. 

70. Patel SG and Ahnen DJ. Familial colon cancer syndromes: an 
update of a rapidly evolving field. Curr Gastroenterol Rep 2012; 
14:428-38. 

71. Boparai KS, Mathus-Vliegen EM, Koornstra JJ eta/. Increased colo- 
rectal cancer risk during follow-up in patients with hyperplastic 
polyposis syndrome: a multicentre cohort study. Gut 2010;59: 
1094-100. 

72. Kalady MF, Jarrar A, Leach B eta/. Defining phenotypes and cancer 
risk in hyperplastic polyposis syndrome. Dis Colon Rectum 2011;54: 
164-70. 

73. Farooq A, Walker LJ, Bowling J et al. Cowden syndrome. Cancer 
Treat Rev 2010;36:577-83. 

74. Vantomme N, Van Calenbergh F, Goffin J et al. Lhermitte-Duclos 
disease is a clinical manifestation of Cowden's syndrome. Surg 
Neurol 2001;56:201-5. 

75. Levi Z, Baris HN, Kedar I et al. Upper and lower gastro-intestinal 
findings in PTEN mutation-positive Cowden syndrome patients par- 
ticipating in an active Surveillance program. Clin Transl 
Gastroenterol 2011;2:e5. 

76. Stojcev Z, Borun P, Hermann J et al. Hamartomatous polyposis syn- 
dromes. Hereof Cancer Clin Pract 2013;11(1):4. 

77. O'Riordan JM, O'Donoghue D, Green A et al. Hereditary mixed 
polyposis syndrome due to a BMPR1A mutation. Colorectal Dis 
2010;12:570-73. 

78. Jaeger E, Leedham S, Lewis A et al. Hereditary mixed polyposis 
syndrome is caused by a 40-kb upstream duplication that leads to 
increased and ectopic expression of the BMP antagonist GREM1. 
Nat Genet 2012;44:699-703. 



15 



